Abstract -
INTRODUCTION
In Brazil, the systems of meat and milk production are mainly based on pasture, mostly with grasses of the genus Brachiara. This genus is cultivated on an estimated area of over 100 million ha (Macedo et al. 2006) , with predominantly species of Brachiara brizantha (A. Rich.) Stapf, Brachiara decumbens Stapf and Brachiara humidicola (Rendle) Schweick (Synonyms: Urochloa brizantha, Urochloa decumbens, and Urochloa humidicola, respectively).
Brachiara humidicola, commonly known as koronivia grass, humidicola, creeping signal grass (Australia), or false creeping paspalum (English), is a species native to Africa, tolerant to intensive grazing and shade and easily adaptable to acidic, low-fertility and poorly drained soils (Keller-Grein et al. 1996) . This tolerance to waterlogged soils is an important factor for the Brazilian livestock production systems, particularly in the Amazon ecosystem, where the death syndrome of B. brizantha cv. Marandu in poorly drained soils has contributed greatly to pasture degradation and the loss of productive capacity (Dias-Filho 2006) . Despite its low nutritional value, in pasture intercropped with legumes, koronivia grass results in satisfactory bodyweight gain (Barcellos et al. 2008, Carvalho and Pires 2008) .
Although new tropical forage cultivars have been released in the last 10 years, the genetic base of the cultivated Brachiara is still narrow (Assis et al. 2003) . This fact, coupled with the occurrence of apomixis, which is characterized by the development of the embryo from an unfertilized cell, has hampered the increase in genetic variability of this genus and maintained the genetic vulnerability of Brazilian pastures high (Assis et al. 2003 , Jungmann et al. 2010 .
The intraspecific hybridization of B. humidicola became possible after the discovery of a sexual accession (H031) in the Active Germplasm Bank of Brachiara of Embrapa Beef Cattle (Valle and Glienke 1991) . However, only recently, crosses were made between cultivar BRS Tupi and sexual accession H031, both hexaploid (2n=6x=36), which led to the development of 364 full-sib progenies (Figueiredo et al. 2012) , segregating in a proportion of 1:1 for reproduction mode (sexual and apomictic) (Zorzatto et al. 2010) . These sexual and apomictic hybrid progenies were evaluated and selected in Campo Grande and 14 were sent to Acre for testing under the soil-climatic conditions of the Western Brazilian Amazon.
Since this was the first descendant of an intraspecific cross in B. humidicola, the level of genetic diversity among the full-sib progenies is still unknown. This knowledge is required to make decisions on crosses in the program of recurrent selection and selection of apomictic hybrids, thus avoiding the need for evaluations with animals and the release of new, but genetically similar cultivars. The characterization of elite germplasm, as well as knowledge on the genetic basis of variability are important in the design of a breeding program focused on the possible exploitation of heterosis in B. humidicola (Jungmann et al. 2010 ).
The objectives of this study were to detect genetic variability among B. humidicola genotypes, study the genetic divergence between hybrids and identify redundant and irrelevant variables in the discrimination of the genotypes.
MATERIAL AND METHODS
The experiment was carried out in the experimental field of Embrapa Acre, Rio Branco, Acre, Brazil (lat 9° 58' 22" S, long 67° 48' 40" W, alt 160 m asl) in December 2008, on a dystrophic red latosol (oxisol). The annual mean temperature is 24.5 °C, the relative air humidity 80-90%, and the average annual rainfall 1877-1982 mm; there is a rainy season from October to April and a dry season from June to September (Acre 2006) . The soil of the study area was limed with dolomitic limestone (0.86 t ha -1 , PRNT=100%) and fertilized with triple superphosphate (50 kg ha -1 P 2 O 5 ), potassium chloride (40 kg ha -1 K 2 O) and micronutrients (40 kg ha -1 of FTE BR12), as indicated by the results of soil analysis. Fifteen genotypes of Brachiara humidicola from Embrapa Beef Cattle were evaluated, of which 14 were full-sib hybrids and one a control called cv. Comum (eight apomictic and seven sexual). The experiment was arranged in a randomized block design with six replications, evaluating an area of 3 m² per plot.
Agronomic, morphological and qualitative characteristics were evaluated. The agronomic evaluations started after cuts for uniformity and eight cuts were made in two consecutive years (2009) (2010) (2011) . Two cuts were performed in the dry and six cuts in the rainy season. The traits dry matter yield (DMY, kg ha -1 year -1 ), leaf dry matter yield (LDMY, kg ha -1 year -1 ) and plant height (PH, cm) were evaluated.
Morphological characterization was performed in the rainy season, before the first uniformity cut in 2009. The morphological traits were leaf blade length (cm), blade width (cm), sheath length (cm), flower stem length (cm), inflorescence stem length (cm), number of racemes, basal raceme length (cm) and number of spikelets in the basal raceme.
The chemical analyses were carried out using samples of five cuts, two in the dry period and three in the rainy season. The following qualitative characteristics were evaluated: crude protein (CP, % of dry matter -DM), neutral detergent fiber (NDF, % of DM), acid detergent fiber (ADF, % of DM) and lignin (LIG, % of DM).
Analysis of variance was performed for all traits and then the Scott-Knott test (Scott and Knott 1974) was applied for characteristics with variability between genotypes. The heritability of each trait was estimated based on the treatment means.
The genetic diversity was assessed by three different multivariate analysis techniques in order to support the discussion on clustering, allowing to check the consistency between methodologies, considering the different criteria that are likely to produce different results. First, similarity measures between genotypes were obtained by Mahalanobis distance, including all traits with variability between genotypes by analysis of variance. Based on the estimated distances, three techniques were applied (Cruz et al. 2012 ): Tocher optimization, hierarchical nearest neighbor and the canonical variate analysis. The group based on the scores of the canonical variables was defined by the Tocher method, using Euclidean distances of the scores of the first three canonical variables of genotypes. After the first analysis cycle, which resulted in the formation of only two groups (one with the control and the other with all hybrids), we proceeded to the second cycle using the group consisting of all hybrids by subjecting them again to three multivariate analysis techniques, aiming at the formation of subgroups.
To determine the relative importance of traits for discriminating genotype performance and clustering, the characters with highest absolute weighting coefficients (eigenvector), obtained with the standardization of the variables, were identified in the last canonical variables (Cruz et al. 2012 ). These characteristics were successively identified until the corresponding eigenvalue that did not exceed 0.70 (Jollife 1972) . Once the traits with less relative importance for genetic divergence were identified, they were eliminated, each one separately and all at the same time, and then the hybrids clustered by the Tocher method, to compare how the elimination of the characteristic(s) affected the groupings. Additionally, the genotypic correlation coefficients between traits were estimated. Analyses were performed with the Genes software (Cruz 2006 ).
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RESULTS AND DISCUSSION
According to the analysis of variance significant differences were observed for all characteristics between the B. humidicola genotypes, except for the bromatological traits (crude protein, neutral detergent fiber, acid detergent fiber, and lignin content) ( Table 1 ). The lack of variability for the studied bromatological characteristics, as the hybrids did not differ from each other nor from cv. Comum, indicates the need for differentiated strategies by the search of genetic variability for these characteristics. B. humidicola is traditionally known for its low nutritional value compared with other forage grasses (Lascano and Euclides 1996) , making it a challenge for breeders to develop cultivars of this species with higher nutritional value, especially with higher crude protein. The low crude protein content of B. humidicola is a disadvantage of this grass, since contents of less than 6-7% can drastically reduce consumption (Minson and Milford 1967) . According to Reis and Silva (2006) in forages with less than 10% CP, the microbial protein synthesis is limited, probably due to the lack of amino acid, ammonia and energy for microorganisms of the rumen. As observed in Table 1 , the mean crude protein content of the B. humidicola genotypes was only 7.23%. In the selection of genotypes in the early evaluation stages of breeding programs great emphasis has been given to characters of forage production (dry matter yield, leaf dry matter yield, leaf percentage, leaf/stem ratio). In the particular case of B. humidicola, traits related to the nutritional value of the forage should also be included in the initial selection stages. High negative correlations between agronomic and nutritive value characteristics have been reported for this forage species (Reyes-Purata et al. 2009 , Figueiredo et al. 2012 ), so the breeder should seek efficient selection indices to minimize this problem. In the evaluation of 50 B. humidicola hybrids by Figueiredo et al. (2012) in Campo Grande, MS, genetic variability was observed for bromatological characteristics, unlike in this study.
The experimental coefficients of variation were medium to low, indicating good experimental accuracy for all traits (Table 1 ). The ratio between the coefficients of genetic (CVg) and experimental variation (CVe) was greater than the unity for plant height, blade width, basal raceme length and leaf dry matter yield (Table 1) . For these traits, high heritability (> 80%) was estimated, indicating that the nature of most of the observed variation for these traits is genetic. These findings show a very favorable situation for selection of important agronomic traits, such as plant height and leaf dry matter yield. Figueiredo et al. (2012) observed heritability MST: mean square of the treatment; CVe: coefficient of experimental variation; CVg: coefficient of genetic variation; h 2 : mean heritability. * and **: significant at 5% e 1% probability by the F test, respectively. PH: plant height; CP: crude protein; NDF: neutral detergent fiber; ADF: acid detergent fiber; BL: blade length; BW: blade width; ShL: Sheath length; FSL: flower stem length; IAL: inflorescence axis length; NR: number of racemes; BRL: basal raceme length; NSBR: number of spikelets in the basal raceme; DMY: dry matter yield; LDMY: leaf dry matter yield.
values for leaf dry matter yield and total dry matter yield in B. humidicola progenies of 59.17% and 69.11%, respectively. In this study, the values were 84.7% (DMY) and 88.03% (LDMY), indicating an efficient control of the experimental environment. The bromatological characteristics (CP, NDF, ADF, lignin) had the lowest estimates of the ratio CVg/CVe and the determination coefficient, indicating less genotypic variability. Since no significant differences between the genotypes were observed for these characteristics, they were not used in the studies of genetic divergence.
After detecting significant differences for 11 of the 15 traits evaluated, the genetic divergence between genotypes was assessed by multivariate analysis. By the Tocher grouping method, 15 genotypes were divided into only two groups, whereas the control, represented by cv. Comum, was separated in a group of its own and all hybrids within the second group. The same grouping pattern was observed with hierarchical nearest neighbor and canonical variate analysis. These results indicate high divergence between the control and the other genotypes, so that the techniques could not discriminate the hybrids. It is worth emphasizing that these hybrids are full-sib progenies from a cross between H031 and BRS Tupi (Figueiredo et al. 2012) , which have no closer relatedness to cv. Comum, contributing to the isolation of the control in a group. Therefore, the results support the parents H031 and BRS Tupi, which are hexaploid and have 36 chromosomes (2n=6x=36), are genetically distant from cv. Comum, which has 54 chromosomes (2n=9x=54) (Boldrini et al. 2011) . In this way, the group formed by the hybrids was subjected again to analyses of genetic divergence and clustering (second cycle), for the formation of subgroups. The strategy of forming subgroups from groups with a large number of genotypes is being tested by other authors (Shimoya et al. 2002 , Azevedo et al. 2011 ).
When analyzing the hybrids, high agreement was observed between the groups formed by the Tocher (four groups) and nearest neighbor method (five groups) (Figure 1) . By the Tocher method, the hybrids PL029, PL185, PL088, PL111, PL193, PL350, PL297, PL146, and PL289 formed group I; PL064 and PL242 group II; PL138 and PL216 group III; and PL003 group IV. An exception were the hybrids PL138 and PL216, which formed group III by Tocher clustering and two separate groups (III and IV) by the nearest neighbor method. For the method of canonical variables, a scatter plot was created based on the scores of the first three canonical variables (Figure 2 ), which accounted for 69.99% of the total variation. The criterion used to group the hybrids (Tocher method based on the Euclidean distance of the scores of the first three canonical variables) resulted in the formation of six groups, also with good agreement with the Tocher and nearest neighbor clustering. However, greater discrimination power of the hybrids was observed for the method of canonical variables for separating a higher number of groups, mainly by subdividing the hybrids allocated to group I by the previous methods.
The results indicate the existence of promising genotypes to be used in breeding programs of recurrent selection, particularly the sexual hybrids PL216 and PL289 (Table 2) , which were grouped in different clusters consistently by the different methods of genotype grouping, aside from having higher leaf dry matter yield, according to the Scott-Knott test at 5% probability. Of the apomictic hybrids, PL193, PL242 and PL088 performed especially well for this trait, which can be selected for testing the animal response, with the possibility of being released as new cultivars if their performance is continuously superior to the controls. It is noteworthy that PL242 was always allocated in other groups than PL193 and PL088 and the last two were separated by the method in the canonical variable groups. Assis et al. (2013) showed the ranking of B. humidicola genotypes based on the selection index obtained from the genotypic values predicted by the Best Linear Unbiased Prediction (BLUP) for agronomic traits for the Amazon ecosystem. According to these authors, nine hybrids performed better than cv. Comum, four of which were apomictic (PL193, PL242, PL146, and PL88) and five sexual (PL216, PL289, PL297, PL350, and PL185). These results confirm our results and further expand the possibility of selecting a larger number of hybrids, for the recurrent selection program as well as for the selection of apomictic hybrids, since most of the selected hybrids were divergent, especially when the results obtained by the method of canonical variables were taken into consideration (Figure 2) . Figueiredo et al. (2012) evaluated B. humidicola hybrids of the Cerrado region and identified the best 10 based on selection indices, six of which also stood out under the soilclimatic conditions of Rio Branco, AC. The male parent (cv. BRS Tupi) of the hybrids used in this study was evaluated and recommended for the biomes Cerrado, Amazon and Atlantic Forest (Barbosa 2012) for their superiority in animal response when compared with cv. Comum. On the other hand, the female parent (H031) was used for having a sexual reproduction mode, allowing artificial hybridization and the generation of genetic variability. The agronomic performance of the female parent H031 was lower than the average of other genotypes in an evaluation in Campo Grande by Figueiredo et al. (2012) . On the other hand, the female parent H031 performed better for the characters related to nutritional value, such as crude protein, neutral detergent fiber and in vitro digestibility of leaf organic matter. However, the selection indices used in the assessment in the first cycle of selection resulted in negative genetic gains for crude protein and in vitro digestibility of leaf organic matter. To date, the intraspecific hybridization in B. humidicola can only be made between hexaploid accessions 2, 8, 4, 5, 14, 9, 12, 13, 7, 12 DMY II 3, 11 III 6 IV 1 V 10 I 9, 13, 14, 4, 5, 2, 8, 7, 12 NSBR II 3, 11 III 1 e 6 IV 10 I 2, 8, 5, 4, 9, 14, 13, 12 with 36 chromosomes, considering that there is only one sexual accession identified with this ploidy and chromosome number. This restriction excludes the possibility of crosses with the apomictic commercial cultivars Comum and Llanero, which are nonaploid with 54 chromosomes (Boldrini et al. 2011) .
After studying the divergence between hybrids, traits were eliminated and the effect of this elimination on the hybrid clustering assessed by canonical variate analysis (Cruz et al. 2012) . The eliminated variables, in decreasing order of importance in the discrimination of hybrids, were dry matter yield, number of spikelets in basal raceme, length of the inflorescence axis and plant height. When eliminating the traits dry matter yield, number of spikelets in basal raceme and inflorescence axis length separately, the new group formation differed little from the original grouping by the Tocher method, resulting in groups similar to those from the nearest neighbor clustering prior to elimination (Table 3 ). The exclusion of the variable plant height did not affect the groupings. On the other hand, changes in clustering were rather marked when eliminating the four traits simultaneously (Table 3 ). An analysis of the genetic correlations between the traits studied showed that the coefficients were high between the traits dry matter yield and leaf dry matter yield (0.97); plant height and leaf dry matter yield (0.89); plant height and dry matter yield (0.86); blade width and number of spikelets in basal raceme (0.78); and the inflorescence axis length and number of racemes (0.73). This result reinforces the observed redundancy between these traits and confirms the recommendation for elimination by the proposed method.
Therefore, the elimination technique can be considered effective, despite small variations, and the above characteristics were confirmed as not relevant for the genetic divergence among the genotypes studied, when discarded separately. However, the decision to eliminate variables must be analyzed very carefully (Assis et al. 2002) , once the technique used in this study was not efficient in other studies of genetic divergence. In studies of genetic diversity in elephant grass (Pennisetum purpureum), Shimoya et al. (2002) found that the method of elimination using the technique of canonical variables was inefficient, since the elimination of only one trait (stem diameter) substantially altered the genotype grouping. Based on the same criteria GML Assis et al.
in a study on genetic diversity in forage peanut (Arachis repens), Azevedo et al. (2011) excluded a less important variable (length of apical leaflet) and found that the number of groups formed decreased from six to four, and the ranking of the accessions in the group was altered, confounding the original grouping. These authors do therefore not recommend the elimination of the variable in question.
CONCLUSIONS
It was concluded that i) There is genetic variability among the agronomic and morphological characters of the evaluated B. humidicola genotypes; ii) the lack of genetic variability for bromatological characters indicates the need to seek differentiated strategies, e.g., the adjustment of the weights for these traits when using selection indices in the early stages of the breeding program; iii) The genetic distance between cv. Comum and intraspecific hybrids of B. humidicola is large iv) There are sexual hybrids that are divergent and superior to cv. Comum that can be recombined in new cycles of recurrent selection; v) There are apomictic hybrids that are divergent and superior to cv. Comum that can be evaluated for animal response and are candidates for new plant varieties; vi) There are redundant variables in the data set that can be excluded from the analyses, resulting in labor and time savings.
